Atom-economical esterification is of great importance in green chemistry. In this work, we demonstrated the catalyst and additive free esterification of alcohols by their reaction with 2-acyl-4,5-dichloropyridazin-3(2H)-ones without solvent at 100 o C. Aliphatic and aromatic alcohols were converted into the corresponding esters in good to excellent yields. It is noteworthy that the reaction is solvent-free, atom-economic, easy-workup, and rapid and that the process is inexpensive.
Introduction
The importance of green chemistry was recently highlighted in a cover story in Chemical and Engineering News. Green chemistry is the design of chemical products and processes that reduce or eliminate the use and generation of hazardous substances. 2, 3 In 2005, the ACS Green Chemistry Institute joined with global pharmaceutical corporations to develop the ACS GCI Pharmaceutical Roundtable, an initiative to encourage the integration of green chemistry into the pharmaceutical industry. 4 Therefore, the development of ecofriendly and atom-economical synthesis within the fields of green chemistry and organic synthesis remains an active area of research.
In connection with the research on synthetic applications of 2-substituted pyridazin-3(2H)-ones, we found 2-acylpyridazin-3(2H)-ones serve as a good acyl source in green esterification transformations (Scheme 1).
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In previous accounts, 5, 11 we also reported the amidation reaction of amines, along with the mechanism of aminolysis using 2-acyl-4,5-dichloropyridazin-3(2H)-ones at room temperature. Therefore, it may be postulated that the reaction progress of alcohols and 2-acylpyridazin-3(2H)-ones may follow a similar mechanistic pathway (Scheme 2).
2-Acyl-4,5-dichloropyridazin-3(2H)-ones are inexpensive and easily prepared heterocycles. Since pyridazin-3(2H)-one species readily form stable anions, 5-11 they can act as good leaving groups. In addition, the ease with which pyridazin-3(2H)-ones can be removed and/or recycled has further stimulated our interest in their use in green synthesis. Therefore, we attempted to synthesize directly the esters from alcohols and 2-acyl-4,5-dichloropyridazin-3(2H)-ones under catalyst and additive free conditions. Herein, we report a rapid, direct and green conversion of alcohols with 2-acyl-4,5-dichloropyridazin-3(2H)-ones into esters. The introduction should state the purpose of the research and should include appropriate citations of previous and relevant works.
Experimental
General Methods. Melting points were determined with a capillary apparatus and uncorrected. NMR spectra were recorded on a 300 MHz spectrometer (Bruker) with chemical shift values reported in δ units (ppm) relative to an internal standard (TMS). IR spectra were obtained on a Varian 640-IR spectrophotometer. Mass spectra were obtained on a GC MSD (HP6890 & 5973) under electron ionization (EI). The open-bed chromatography was carried out on silica gel (70-230 mesh, Merck) using gravity flow. The column was packed with slurries. Chemicals were purchased from the Aldrich or TCI chemical company. 2-Acyl-4,5-dichloropyridazin-3(2H)-ones were prepared from the corresponding acyl chloride according to the reported procedure.
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General Procedure for the Conversion of N-Acylpyridazin-3(2H)-ones into the Corresponding Ester. Alcohol (1, 5.31 mmol, 1 equiv.) and 2-acylpyridazin-3(2H)-ones (2, 6.37 mmol, 1.2 equiv.) were placed in a culture tube (Pyrex brand 9825 culture tube with screw cap), sealed, and heated to 100 °C. The resulting mixture was kept at this temperature until 1 disappeared (as determined by TLC analysis). After cooling of the tube, dichloromethane (5-6 mL) was added to the mixture with stirring until the reaction mixture was dissolved. After removing 4,5-dichloropyridazin-3(2H)-one by filtration, the resulting filtrate was evaporated under reduced pressure. The resulting residue was further purified by silica gel column chromatography to give the corresponding esters 3.
Compounds 
Results and Discussion
Initially, we examined the reaction of phenol (1a) with eleven acetic acid derivatives including acetic acid (2a), ethyl acetate (2b), acetic anhydride (2c), acetyl chloride (2d), acetamide (2e), N,N-dimethylacetamide (2f), 1-acetylbenzotriazole (2g), 1-acetyl-1H-benzo[d]imidazole (2h), Nacetylphthalimide (2i), 1-acetylsaccharin (2j) and 2-acetyl-4,5-dichloropyridazin-3(2H)-one (2k) in refluxing THF (Method A) and without solvent at 150°C (Method B). Among 22 preliminary experiments, the reaction of phenol with 2k without solvent at 150 °C showed the best result (Entry 11, Method B, Table 1 ).
Next, we optimized the effect of the solvent and reaction temperature on the reaction of p-methoxyphenol (1b) with 2k in both the presence and absence of solvent. The reaction temperatures investigated were 80°C, 100°C and 150°C (Entry 3-5, Table 2 ).The reaction failed to occur in solvents including n-hexane, toluene, benzene, diethyl ether, chloroform, acetone, DMF, acetonitrile and water, with the exception of refluxing methylene chloride (56% yield), whereas the yields and reaction time at 100 °C and 150 °C without solvent were excellent. Therefore, we selected ROH (1 equiv.)/2-acylpyridazinone (1.2 equiv.) without solvent in a culture tube (Pyrex brand 9825 culture tube with screw cap) at 100 °C as the optimized system.
To illustrate the versatility of the ecofriendly and atomeconomical esterification, we converted aliphatic and aromatic alcohols using 2-alkanoyl (or aroyl)-4,5-dichloropyirdazin-3(2H)-ones into the corresponding esters under the optimized conditions. Aliphatic and aromatic alcohols were reacted with 2-acetyl-or 2-heptanoyl-4,5-dichlopyridazin-3(2H)-one under the optimized conditions to give the corresponding esters 3c-3h in good to excellent yields with the exception of benzeneselenol (Entries 1-6 and 8, Table 3 ). Although the reaction of benzeneselenol with 2-acetyl-4,5-dichlopyridazin-3(2H)-one under the optimized conditions afforded Sephenyl ethaneselenoate (3i) in 44% yield, this reaction did not proceed to completion (Entry 7, Table 3 ). Esterification of aromatic and aliphatic alcohols with some 2-benzoyl-, 2-heptanoyl-or 2-(4-substituted-benzoyl)-4,5-dichloropyridazin-3(2H)-ones under the optimized conditions also gave the corresponding esters 3k, 3l and 3n-3s in good to excellent yields (Entries 9, 10 and 12-17, Table 3 ) with the exception of the reaction of 4-methoxyphenol; although its reaction with 2-(4-cyanobenzoyl)-4,5-dichloropyridazin-3(2H)-one yielded the corresponding ester 3l in 51% yield (Entry 10, Table 3 ), the requisite ester was accompanied by unknown side products. 2-Mercaptoethanol was also reacted with one equivalent of 2-benzoyl-4,5-dichloropyridazin- 3(2H)-one to afford mercaptoethyl benzoate (3s, 47%) and 2-(benzoylthio)ethyl benzoate (3t, 29%) (Entry 17, Table 3 ). In the reaction of 2-benzoyl-4,5-dichloropyridazin-3(2H)-ones and phenols, we could not observe the effect of aryl substitution on the reaction outcome. On the other hand, the reusable 4,5-dichloropyridazin-3(2H)-one could be isolated from all reactions by filtration in quantitative yield. The structures of the products were established by IR, NMR and HRMS.
Conclusion
In conclusion, we have developed a new method for the direct conversion of alcohols into the corresponding esters under catalyst and additive-free conditions. Through the reaction of 2-acyl-4,5-dichloropyridazin-3(2H)-ones easily prepared from commercially inexpensive 4,5-dichloropyridazin-3(2H)-one with alcohols, the corresponding esters can be readily obtained. This method is a very rapid, cheap, green and effective process. Since 4,5-dichloropyridazin-3(2H)-one can be isolated from the reaction mixture and subsequently reused for the synthesis of 2-acylpyridazin-3(2H)-ones, this reaction, therefore, is an atom-economical process. This first publication raise the prospect that 2-acylpyridazinones may become a viable alternative to the unstable, less reactive, expensive and/or environmentally toxic acyl sources. Further research on expanding substrate scope and on the application of this reagent as an acyl source in organic synthesis is currently under way in our laboratory.
